###### Strengths and limitations of this study

-   This is the first systematic review that evaluates the condition of primary outcome reporting among randomised controlled trials (RCTs) of paediatric type 1 diabetes mellitus in an era post-CONSORT.

-   This study shows reporting of primary outcomes in RCTs conducted on diabetic children is not adequate.

-   Reporting of adverse events and measurement properties of outcome measures also need to be improved.

-   Knowledge synthesis efforts will be facilitated if heterogeneity in primary outcome selection is reduced.

-   This review was restricted to English language, potentially limiting generalisability of the findings to English literature.

Introduction {#s1}
============

Randomised controlled trials (RCTs) are considered the gold standard to assess efficacy of interventions.[@R1] To ensure validity of findings in a clinical trial, it is paramount to report a clear set of outcomes, especially the primary outcomes measured, along with measurement tools used, and any assessment of adverse events. Healthcare professionals, patients, health policy developers and governments expect transparent reporting in trials to make sure the process of decision-making is well informed and less biased.[@R2]

The CONsolidated Standards Of Reporting Trials (CONSORT) statement, which was initially introduced in 1996 to address the problem of incomplete reporting in the published clinical trials, has been updated twice since, in 2001 and 2010.[@R5] Clear reporting of a study's primary outcome is essential, as it is used to inform the sample size calculation and is the main driver behind the trial's purpose. If primary outcomes are not reported clearly, the results of the trial may be jeopardised. While 585 journals have endorsed CONSORT since 1996, review studies have shown that primary outcomes were explicitly defined in only 45% and 53% of trial reports that were indexed in PubMed in 2000 and in 2006, respectively.[@R7] Inadequate primary outcome reporting in paediatric trials has also been reported in some previous studies.[@R9] To better understand the extent of the problem across fields, we have initiated a series of systematic reviews to assess primary outcomes reporting in trials (PORTal). Our first PORTal systematic review highlighted this problem in randomly sampled paediatric RCTs and demonstrated that 27.2% of studies published in high impact journals did not specify their primary outcomes.[@R11]

Paediatric diabetes mellitus (DM) is an emerging public health concern in the 21st century[@R12] and appropriate outcome reporting in DM trials is of great importance due to its high prevalence and economic burden worldwide.[@R13] Reliable assessment of interventions on paediatric DM requires RCTs to be clearly reported.

In addition to clarity in defining primary outcomes, RCTs ought to demonstrate how they measured their primary outcome and whether their measurement tools were valid and reliable.[@R2] Type and frequency of adverse events occurrence are also important to be studied and reported by RCTs in order to evaluate both the effectiveness of an intervention as well as possible harms associated with it.[@R5]

The primary objectives of this review were to assess RCTs of paediatric DM, published between 2001 and 2017 to evaluate reporting of (1) primary outcome, (2) measurement properties of primary outcome measure and (3) presence/absence of adverse events.

Methods {#s2}
=======

A systematic review protocol has been published at the PROSPERO website (CRD42013005224) (see online [supplementary appendix 1](#SP1){ref-type="supplementary-material"}). We followed the PRISMA guideline for conducting this systematic review.[@R15]
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Search strategy {#s2a}
---------------

Electronic searches in MEDLINE, EMBASE, CINAHL, Cochrane SR and the Cochrane Central Register of Controlled Trials (CENTRAL) databases were undertaken. Searches were limited to RCT study design, children under 21 years of age, English language and dated since 2001 (last update January 2017). A 5-year interval (1996--2001) since the initial publication of CONSORT was applied to our search to allow guideline implementation. The complete search strategy is available on request to the corresponding author (see online [supplementary appendix 2](#SP2){ref-type="supplementary-material"} for MEDLINE search strategy).
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Study selection {#s2b}
---------------

RCTs were selected if they were parallel, cross-over, factorial and N-of-1 trials studying type 1, and examined any medical and non-medical interventions. Studies were excluded if the population included both children and adults, and if they were diagnostic studies, part of multiphase trials, protocols, follow-up and secondary analysis of data. Title and abstracts were screened for relevant entries and then full texts of potential articles were reviewed using prespecified criteria for inclusion or exclusion. Four independent reviewers (SKA, MK, HCY, MZIH) performed study selection and discrepancies were resolved by consensus; for disagreements, a senior reviewer was sought (SV).

Data extraction {#s2c}
---------------

Using a standardised form, four independent reviewers performed data extraction (SKA, HCY) and verification (MK, MZIH). Collected data included journal name, publication year, design of the study, age, sex, sample size, disease condition, intervention and comparator(s) of interest, primary outcome(s), outcome measures, measurement tools and their properties, and adverse events. For more investigation, documented journal impact factors (IFs) were obtained for the year 2015 (InCites Journal Citation Reports; <https://jcr.incites.thomsonreuters.com>).

Full-text articles were searched for any explicit indication of primary outcome. A variety of terms for the concept of 'outcome' were accepted including 'endpoint', 'variable', 'outcome variable', 'objective', 'pre-specified outcome', 'dependent variable', 'efficacy parameter' or equivalents. If studies clearly stated their primary outcome using the mentioned terminology or described with a synonymous term anywhere in their manuscript, they were considered as 'reported primary outcome'. We also considered them as 'reported' if they explicitly stated the outcome used for the sample size calculation. If studies provided several outcomes without specifying their primary, we considered them as 'failed to report primary outcome'. After identifying the primary outcome, if it was not a biological/physiological measure (eg, blood tests), we sought for its measurement tool and reporting of measurement properties (validity and reliability), in addition to any relevant citation(s). Furthermore, any assessment of presence or absence of adverse events (and other relevant terms) was documented. If a study did not report at all on adverse events (its presence or absence), we classified that as 'failed to report adverse events of intervention'.

Data analysis {#s2d}
-------------

Using descriptive analysis, we presented percentages, mean, median, range and IQR for the primary outcome and adverse events. Since this systematic review focused on reporting status of primary outcome and adverse events in published RCTs and was not intended to evaluate the effectiveness or efficacy of the interventions, the risk of bias and meta-analysis were not part of our study. Considering journals' impact factor (IF) for each published RCT, we grouped them into three batches using first quartile (Q1), interquartile range (Q3--Q1) and last quartile (Q4) of all IFs; journals with no available IF were coded as unknown. χ^2^ test was performed for finding the differences between proportions of reporting primary outcome and adverse events among low, medium and high impact factor journals using Stata statistical software release 14.[@R16]

Patient involvement {#s2e}
-------------------

Patients were not involved in the design and conduct of this study as the present study was a systematic review of published RCTs.

Results {#s3}
=======

Our electronic search yielded 11 816 unique references; full texts of 986 potentially relevant studies were retrieved for inclusion/exclusion. Seven hundred and fifty-five out of 986 retrieved articles were excluded; reasons for exclusion are presented in the PRISMA flow diagram ([figure 1](#F1){ref-type="fig"}). Finally, 231 RCTs of paediatric T1DM were included for this systematic review.

![Adapted version of PRISMA flow diagram of study selection. RCT, randomised controlled trial.](bmjopen-2016-014610f01){#F1}

Type 1 diabetes mellitus {#s3a}
------------------------

Of 231 RCTs, 177 (76.6%) had parallel and 54 (23.4%) had cross-over groups design. Total population was 21 014 and sample sizes ranged from 7 to 689 participants (median: 51.5, IQR 30--110.75). Other general characteristics of the studies are summarised in [table 1](#T1){ref-type="table"}. Interventions comprised different forms of insulin therapy, oral medications, dietary, educational and other medical interventions for glucose monitoring and insulin delivery methods.

###### 

General characteristics of the included studies

  -----------------------------------------------------------------------------------
  RCTs' characteristics                                            Diabetes type 1\
                                                                   RCTs (n=231)
  ---------------------------------- ----------------------------- ------------------
  Journals' impact factor            High (≥8.42)                  59 (25.5)

  Medium (≥2.57 and \<8.42)          115 (49.8)                    

  Low (\<2.57)                       42 (18.2)                     

  Unknown                            15 (6.5)                      

  Age range                          Range of actual age (years)   1--21

  Range of mean (years)              2.9--17.7                     

  Type of design                     Parallel                      177 (76.6)

  Crossover                          54 (23.4)                     

  Sample size                        Range                         7--689

  Mean (SD)                          Mean: 91.37 (103.38)          

  Median (IQR)                       Median: 51.5 (30--110.75)     

  Type of intervention               Insulin/drug based            91 (39.4)

  Diet based                         21 (9.1)                      

  Education based                    41 (17.7)                     

  Other medical intervention         17 (7.4)                      

  Others                             61 (26.4)                     

  Controls                           Placebo                       29 (12.5)

  Usual care/no treatment/waitlist   97 (42)                       

  Other treatment                    105 (45.5)                    
  -----------------------------------------------------------------------------------

Data are presented as n (%).

RCT, randomised controlled trial.

### Primary outcomes {#s3a1}

Of 231 RCTs, 114 (49.4%) studies explicitly identified their primary outcome while 117 (50.6%) did not. Of the 114 studies that transparently reported a primary outcome, 88 (77.2%) reported one primary outcome, 18 (15.8%) reported two primary outcomes and 8 (7%) identified between three and seven primary outcomes. Among studies with a single primary outcome (n=88), 83 (94.3%) were biological/physiological measurements, and the rest (n=5, 5.7%) were non-physiological ([table 2](#T2){ref-type="table"}). Overall, these trials used 14 uniquely different primary outcomes. Out of 88 studies with single primary outcomes, 48 (54.5%) measured haemoglobin-A1C and 24 (27.3%) measured blood glucose levels.

###### 

Frequency and type of primary outcomes in clinical trials of type 1 diabetes mellitus

  Outcome categories                                                                 Primary outcomes     Frequency,\* n (%)
  ---------------------------------------------------------------------------------- -------------------- --------------------
  Physiological measures                                                             HbA1C levels         48 (54.5)
  Blood glucose levels                                                               24 (27.3)            
  C-peptide levels                                                                   4 (4.5)              
  Endothelial function                                                               2 (2.3)              
  Time to metabolic normalisation                                                    1 (1.14)             
  Fructosamine levels                                                                1 (1.14)             
  Insulin sensitivity                                                                1 (1.14)             
  Change in creatinine clearance rate                                                1 (1.14)             
  Epinephrine response to hypoglycaemia                                              1 (1.14)             
  Non-physiological measures                                                         Treatment fidelity   1 (1.14)
  Perceived diabetes self-efficacy                                                   1 (1.14)             
  Preference for NovoTwist versus screw-thread needles in children and adolescents   1 (1.14)             
  Health-related quality of life                                                     1 (1.14)             
  Macronutrient and micronutrient composition of different diets                     1 (1.14)             

\*Some studies used more than one primary outcome.

HbA1c, haemoglobin-A1c.

### Outcome measures {#s3a2}

Of 114 studies that clearly defined their primary outcome, 101 (88.6%) used biological/physiological measurements including measurements of glycaemic control (eg, haemoglobin-A1c, blood glucose). Thirteen (11.4%) trials used an outcome measurement instrument to measure their primary outcome. Of these 13, 5 provided both measurement properties and citation for the instruments used, 7 provided only the citation and 1 provided neither.

### Adverse events {#s3a3}

Of 231 studies, 105 (45.5%) reported adverse event(s) associated with the intervention under study, 39 (16.9%) reported the absence of adverse events and 87 (37.7%) failed to report on the presence/absence of adverse events.

### Journals' impact factor and consort endorsement {#s3a4}

Based on quartiles of journals' IFs, three levels of low (IF \<2.57), medium (2.57≥IF\<8.42) and high (IF ≥8.42) were established. There was no statistically significant difference among studies published in low, medium and high IF journals regarding adverse event reporting (p=0.7). However, failing to report primary outcome was associated with publishing in low IF journals (p=0.04) ([table 3](#T3){ref-type="table"}).

###### 

Frequency distribution of primary outcome and adverse event reporting by journals' impact factors (IF)

  IF                         Low (n=42)\*       Medium (n=115)   High (n=59)   χ^2^ test   
  -------------------------- ------------------ ---------------- ------------- ----------- --------
  Primary outcome            Reported (n=114)   14 (12.3)†       64 (56.1)     31 (27.2)   p=0.04
  Failed to report (n=117)   28 (23.9)          51 (43.6)        28 (23.9)                 
  Adverse events             Reported (n=144)   25 (17.4)        76 (52.8)     39 (27.1)   p=0.7
  Failed to report (n=87)    17 (19.5)          39 (44.8)        20 (22.9)                 

\*Low IF (\<2.57), medium IF (2.57≥IF\< 8.42) and high IF (≥8.42).

†All data are presented as n (%).

Considering the date of publication, an upward trend was observed in reporting primary outcome(s) over time ([figure 2](#F2){ref-type="fig"}). However, endorsing CONSORT guideline did not influence the reporting of primary outcomes. Of 231 included trials, 108 (46.8%) were published in CONSORT-endorsing journals. Among those, 57 (52.8%) reported their primary outcome, while 57 (46.3%) of 123 trials published in non-endorsing CONSORT journals reported a primary outcome (p=0.3).[@R17]

![Proportion of studies that reported primary outcome(s) by year of publication. RCT, randomised controlled trial.](bmjopen-2016-014610f02){#F2}

Discussion {#s4}
==========

This is the first study to present a comprehensive overview of primary outcome and adverse events reporting among published RCTs in paediatric T1DM. As RCTs are recognised for their importance in medical research, methodological examinations of their reports are crucial for appropriate medical practice.[@R18]

It has been 20 years since the initial CONSORT statement recommended guidelines for minimal necessary RCT reporting. Since then, reporting of study rationale, objective, recruitment methods, sample size calculation, allocation concealment and method of sequence generation have been improving among published clinical trials.[@R19] Nevertheless, we and other groups have shown that reporting of primary outcome, measurement tools and reporting of the validity and reliability of those tools have not been improved alike.[@R7] A systematic review performed on a random sample of paediatric RCTs published in high impact CONSORT-endorsing journals reported that 27.2% of the trials failed to report any primary outcome.[@R11] In our analysis, we demonstrated suboptimal reporting of primary outcomes and adverse events of interventions in journals with high and low impact factor, regardless of whether they endorsed the CONSORT guideline or not. We were quite flexible regarding author terminology used to describe primary outcomes in articles. Given that, if authors did not explicitly specify their primary outcome(s), we considered this issue as a failure in reporting. Failure in reporting primary outcome(s) may lead to selective outcome(s) reporting[@R23]; CONSORT and its extensions were intended to prevent biased reporting by ensuring primary outcomes are clearly and explicitly stated in all peer-reviewed published RCTs. This also influences the qualitative evaluation of RCTs in systematic reviews and meta-analyses using existing risk of bias tools.[@R24] Furthermore, heterogeneous outcomes challenge knowledge synthesis efforts to summarise data between trials and maximise its use in decision-making.

DM lends itself to use of biological/physiological measurements. Accuracy in the measurement of these biological or physiological assessments is outside our scope, but we are reassured that the other instruments used (eg, surveys) had appropriate citations regarding their measurement properties (reliability, validity). Furthermore, we found heterogeneity in primary outcomes used in our included studies (only half of them used similar primary outcomes). According to the COMET (Core Outcome Measures in Effectiveness Trials) initiative,[@R25] consistency in primary outcome measurement between trials is necessary to allow for meaningful knowledge synthesis. Most systematic reviews try to assess treatment effectiveness by compiling evidence from multiple RCTs; however, these efforts are hampered by heterogeneity in outcome measurement.

Strengths and limitations {#s4a}
-------------------------

To our knowledge, this systematic review is unique in that it has evaluated the condition of primary outcome reporting among RCTs of paediatric T1DM in an era post-CONSORT. A robust and systematic methodology was employed including independent and duplicate screening/data extraction using prespecified criteria and data extraction form. This review was a complement to our previous work that examined a random sample of all paediatric RCTs published in high-profile peer-reviewed journals.[@R11] We further examined primary outcome and adverse event reporting on the basis of high, medium and low impact factor journals.

As a possible limitation, this review was restricted to English language, potentially limiting generalisability of the findings to English literature.

Implications {#s4b}
------------

The results of this systematic review underscore the potential opportunities for improving the quality of reporting in paediatric clinical trials. It is important for journals that endorse CONSORT to ensure that authors and reviewers use the checklist to confirm reporting of main components of RCTs is complete and transparent. Paediatric DM is an important condition with increasing prevalence and will have a global impact on health. To be of most use to clinicians and policy-makers, trials in this field would benefit from improved reporting of primary outcomes and adverse events. In addition, development of a core outcome set (to reduce heterogeneity in primary outcome measurements) and using outcome measurement instruments that are valid and reliable and reported as such are of great importance to support quality meta-analysis leading to more precise and unbiased findings.
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